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Background: Organ-confined renal malignancies can be cured in the majority of patients, whereas more extensive lesions have a poor prognosis. We sought to develop a noninvasive test for renal cancer detection based on a novel molecular approach. Methods: Matched urine and serum DNA samples were obtained before surgery from 30 patients with clinically organ-confined solid renal masses (25 with malignant tumors and five with tumors of low malignant potential) and were subjected to microsatellite analysis. Serum samples and urine samples obtained from 16 individuals without clinical evidence of genitourinary malignancy served as controls. Results: Nineteen (76%) of the 25 patients with malignant tumors were found to have one or more microsatellite DNA alterations in their urine specimen, and 15 (60%) were found to have alterations in their serum DNA by microsatellite analysis. In every case, the microsatellite changes in urine or serum were identical to those found in the primary tumor. Three of five patients with tumors of low malignant potential were found to have DNA alterations in their urine, but none displayed alterations in their serum. Moreover, microsatellite alterations were not identified in either the urine or the serum samples from normal control subjects and patients with hematuria due to nephrolithiasis (renal stones). Conclusion: These data suggest that microsatellite DNA analysis of urine specimens provides a potentially valuable tool for the early detection of resectable kidney cancer. Furthermore, microsatellite analysis of serum samples reveals evidence of circulating tumor-specific DNA in approximately half of these patients and may reflect the propensity of these tumors to spread to distant sites at an early stage. [J Natl Cancer Inst 1999;
91:2028-32]
Approximately 30 000 new cases of malignant renal cancer are diagnosed each year in the United States, and nearly 12 000 individuals succumb to the effects of metastatic disease annually (1) . Although organ-confined renal carcinoma can be cured by radical nephrectomy, carcinoma that extends beyond the confines of the renal capsule is associated with substantial morbidity and a high rate of cancer-specific mortality (2) . The application of conventional adjuvant therapies to patients with advanced disease has been disappointing because of the resistance of most malignant renal tumors to standard chemotherapy and radiotherapy (2) .
The specific clinical signs and symptoms of malignant renal disease are not usually helpful in making an early diagnosis. The classic triad of pain, hematuria, and a palpable flank mass is encountered in only 10% of patients and is usually associated with the presence of advanced disease (3) . The widespread use of noninvasive axial imaging (e.g., computed tomography or magnetic resonance imaging) and diagnostic ultrasound has resulted in the incidental discovery of an increasing number of small asymptomatic renal tumors. Estimates suggest that as many as two thirds of organ-confined tumors are identified by serendipity (4). Nevertheless, 50% of patients with renal cancers are not curable by surgical resection at the time of presentation. Consequently, the development of a reliable, noninvasive method for the early detec-tion of kidney cancer could represent an important clinical advance in the management of this patient population.
Microsatellite analysis is a polymerase chain reaction (PCR)-based technique that permits the detection of cancerspecific DNA alterations (loss of heterozygosity [LOH] and microsatellite instability) in neoplastic tissue. Recent application of this approach to the evaluation of body fluids has shown that squamous cell carcinoma of the aerodigestive tract and bladder cancer can be detected through the analysis of saliva and urine, respectively (5) (6) (7) . Since the renal parenchyma is highly vascular and lies in close physical proximity to the renal collecting system and since the tubular epithelium from which most malignant renal neoplasms arise contributes directly to urine formation, we hypothesized that DNA alterations characteristic of malignancy could be identified by microsatellite analysis of either serum or voided urine specimens obtained from patients with renal malignancies. To test this hypothesis, we studied, by use of microsatellite analysis, preoperative urine and serum specimens obtained from patients with a variety of renal neoplasms.
MATERIALS AND METHODS
Sample collection and DNA isolation. After we obtained written informed consent from 30 patients with a renal lesion, samples of peripheral blood and urine were collected before surgical intervention. The study was approved by the Institutional Review Board of The Johns Hopkins Hospital. Neoplastic kidney tissue was obtained immediately after surgical resection and stored at −80°C. Eight control samples were obtained from patients with nephrolithiasis (renal stones) and eight from individuals without a history of genitourinary disease (total ‫ס‬ 16). Tumor tissue was microdissected as previously described (8) . DNA was obtained from peripheral lymphocytes, serum, and tumor samples by digestion with the use of proteinase K (Boehringer Mannheim GmbH, Mannheim, Germany) in the presence of sodium dodecyl sulfate at 48°C overnight, followed by phenol-chloroform extraction and ethanol precipitation.
Microsatellite analysis. Based on high rates of informativity and known patterns of LOH and microsatellite instability in renal cancer, 28 microsatellite markers (Research Genetics, Huntsville, AL) were identified for use in this series of experiments. Microsatellite markers (and their chromosomal locations) are as follows: D1S251 (1pq), HTPO (2p),
D18S51 (18q), MBP (18q), and D21S1245 (21q). Primer sequences and locations were obtained from the Genome Database (The Johns Hopkins University, Baltimore, MD). One primer from each pair was end-labeled with [␥-32 P]adenosine triphosphate (Amersham Life Science Inc., Arlington Heights, IL) with the use of bacteriophage T4-polynucleotide kinase (Life Technologies, Inc. [GIBCO BRL], Gaithersburg, MD). Genomic DNA (50 ng) was subjected to 35 PCR cycles at a denaturing temperature of 95°C for 1 minute, followed by varying annealing temperatures (52°C−60°C, depending on the primer sequence) for 1 minute, an extension step at 72°C for 1 minute, and a final extension step at 72°C for 5 minutes by use of a thermocycler (Hybaid, Teddington, U.K.). PCR products were then separated in denaturing 7% polyacrylamide-ureaformamide gels, followed by autoradiography for 12-36 hours on X-omat film (Eastman Kodak Co., Rochester, NY) (9). LOH was determined by a comparison of the intensity of the allelic bands from nonmalignant (lymphocyte) DNA with that of the allelic bands from the target sample (from tumor, urine, or serum). A reduction in the intensity of one allele in the target sample of more than 50% (30% in serum as a result of a greater dilution with normal DNA), as assessed by two independent observers (C. F. Eisenberger and D. Sidransky), was considered to represent LOH and the presence of new "shifted" alleles (appearance of new bands) as microsatellite instability. Clinical data were obtained from the patient charts. Every marker alteration (LOH or microsatellite instability) was confirmed by reamplification of the starting material and independent verification by two separate observers.
Statistical analysis. The sensitivity and specificity of marker alterations in urine and serum were calculated as follows: sensitivity ‫ס‬ number of positive tests/number of cancer cases, and specificity ‫ס‬ number of negative tests/number of cases without cancer. The proportion of patients showing a microsatellite alteration was compared between tumor stages with the use of Fisher's exact test. P values reported are two-sided.
RESULTS
We tested 28 microsatellite markers from 20 chromosomal regions in paired urine and serum specimens from case patients with cancer and control subjects. Nineteen (76%) of 25 patients with malignant tumors of the kidney (Table 1) were found to have one or more microsatellite alterations (microsatellite instability and LOH combined) in the urine DNA, and 15 (60%) of these 25 patients were found to have at least one alteration (microsatellite instability and LOH combined) in the serum DNA (Fig. 1 , Table  1 ). In each case, the identical genetic alteration was also found in the corresponding DNA from the tumor sample. Three (60%) of the five patients with tumors of low or negligible malignant potential (one angiomyolipoma and two oncocytomas) displayed LOH at one or more markers in the urine that also matched the pattern of LOH found in the corresponding tumor ( Table 1) . None of the eight healthy subjects and none of the eight patients with nephrolithiasis displayed alterations in the urine or serum. Thus, detection of microsatellite alterations in the urine had a sensitivity of 73% (22 of 30 patients in this study) for identifying patients with a renal mass and 100% specificity. The corresponding sensitivity and specificity for serum were 50% (15 of 30) and 100%, respectively.
One patient with transitional cell carcinoma (TCC) of the renal pelvis was included in the present analysis (#1290, Table 1 ). DNA changes were readily detectable in the urine and serum samples obtained from this patient preoperatively. The finding of readily identifiable LOH in the urine of this patient is consistent with previously published results obtained from studies of microsatellite analysis in patients with TCC of the bladder (6, 7) . Unlike patients with bladder cancer (Linn CJ, Sidransky D: unpublished data), however, this patient with cancer of the renal pelvis displayed serum abnormalities as well (Table 1) .
There was no association between evidence of either microsatellite instability or LOH in serum and the stage of tumor (Table 2) . Fifteen (60%) of 25 patients treated for malignant renal neoplasms in this study had evidence of either LOH or microsatellite instability in serum samples obtained preoperatively. Of these 15 patients, three had tumors of stage T1, eight had tumors of stage T2, and four had tumors of stage T3, and there was no difference in serum detection between any of these tumor stages (P ‫ס‬ .39, Fisher's exact test). Similarly, the urine samples were positive in 19 patients, including four patients with stage T1 tumor, 11 with stage T2 tumor, and four with stage T3 tumor. Again, there was no association between stage of tumor and evidence of microsatellite alterations in urine specimens (P ‫ס‬ .39, Fisher's exact test). Patients with lesions of low malignant potential failed to show evidence of serum alterations in this analysis.
DISCUSSION
Pathologic stage of disease predicts an individual patient's clinical outcome more profoundly than any other currently available marker after surgical treatment for a malignant renal tumor. Radical nephrectomy remains the primary mode of therapy for kidney cancers, although le-sions extending beyond the kidney are substantially more difficult to cure than are those limited to the confines of the renal capsule. Although noninvasive imaging has clearly improved clinical staging of renal tumors, neither ultrasound nor computed tomography is sufficiently inexpensive or accessible to be used for widespread early-detection programs.
Advances in basic research have shed light on some events that putatively contribute to the development of renal neoplasia. Detailed studies of pathology (10) have underscored the morphologic heterogeneity of renal cancers. Genetic studies employing a variety of technologies (11) (12) (13) have shown that renal cancers are characterized by specific chromosomal abnormalities, the most common of which include subchromosomal losses on 3p in sporadic clear cell carcinomas, aneuploidy of chromosomes 7 and 17 in papillary renal tumors, and small deletions on chromosomal arm 1p in oncocytomas and on distal 1q in collecting duct carcinomas. Elegant familial studies of von HippelLindau (VHL) disease have led to the identification of the gene putatively responsible for that disease located at 3p25 (14) . Additional work (15) has shown that LOH at the VHL locus may be characteristic of most sporadic renal cancers. However, these advances in basic research have not yet translated into the development of reliable diagnostic markers of renal cancer. The central clinical problem facing surgeons and oncologists who care for patients with renal cancer is that this cancer is unresponsive to conventional systemic adjuvant therapies, unlike other genitourinary cancers for which successful adjuvant therapies have been developed (i.e., cis-platinum-based chemotherapeutic regimens for bladder cancer and nonseminomatous testicular neoplasms) (16, 17) . Radioresistance is also characteristic of renal tumors, leaving surgery as the sole, consistently successful form of therapy. Surgical removal of the kidney has a limited role in the treatment of patients with advanced disease and is often not curative in patients with tumors that extend beyond Gerota's fascia or that involve regional lymphatics. Although prospective trials have not yet confirmed the value of early renal cancer detection, stage-specific survival data suggest that, if renal neoplasms could be consistently detected at the organ-confined stage, the disease-specific survival rate could be expected to increase. It is interesting to note that a recent retrospective autopsy series identified renal cancer as one of the most common undiagnosed tumors that contributed to death in U.S. patients who underwent postmortem examination (18) .
The ease with which microsatellite analysis can be performed on a variety of DNA sources continues to increase. The molecular diagnosis of renal cancer by urinalysis is remarkable in that specimens from all patients contained a virtual absence of cellular material or only scant cellular fragments. Further enrichment of neoplastic cell (or cell fragment) populations in the urine with antibodies to cancer-specific antigens such as MN/CA9 protein (19) may further increase the sensitivity of microsatellite analysis. Evolving knowledge of the genetic changes that drive kidney cancer progression and the ability to distinguish malignant and benign tumors of the kidney will also lead to further improvements (20) . We have demonstrated the ability to perform multiple analyses using a new high-throughput microcapillary array that can markedly enhance the potential clinical utility of this molecular diagnostic approach (21) . Translation of this type of technology to the clinical laboratory may hold the key to broader application and eventual use of microsatellite-based cancer diagnostics.
Urologic malignancies have wellstudied patterns of anatomic spread, the best characterized of which are testis and prostate cancers (3) . Both of these tumor types are known for their propensity to metastasize by lymphatic routes. In contrast, renal cancer probably spreads by a combination of lymphatic and hematogenous mechanisms, a fact underscored by the finding that circulating cancer cells have been readily extracted from the blood of patients with various stages of malignant renal disease (22) . The finding of serum microsatellite alterations in greater than 50% of the patients studied for this report probably reflects the hematogenous mechanism by which certain renal tumors spread. A recent report (23) confirmed a similar frequency of microsatellite alterations in the serum of patients with clear cell renal tumors. While it is not yet possible to say to what extent patterns of microsatellite alterations are related to the malignant and metastatic potential of individual renal tumors, further study of these tumors with different panels of markers may reveal patterns of LOH and microsatellite instability with prognostic as well as diagnostic potential. Coupled with high-throughput technologies, genome-wide search strategies, and the opportunity to study a larger population of patients in a multiinstitutional venue, microsatellite analysis may permit the identification of patients with early and potentially resectable disease. Microsatellite alterations in serum predicted a poor prognosis in patients with head and neck cancer (24) and may also identify kidney cancer patients at risk for disease progression for whom experimental adjuvant therapies may be beneficial.
We have demonstrated that microsatellite analysis of urine can frequently detect the presence of malignancy in patients with clinically organ-confined renal cancer. Patients with renal lesions of lower malignant potential, such as oncocytomas, demonstrated DNA alterations in matched urine samples but not in preoperative serum samples. Individuals with nephrolithiasis and control subjects without genitourinary complaints or symptoms did not have positive microsatellite analyses in this study. Larger multicenter trials utilizing this assay for the diagnosis and potential staging of renal cancer patients are warranted to determine the ultimate clinical utility of this molecular approach.
